We have studied theoretically the conditions for the occurrence of spontaneous oA-center atomic displacements in pure zinc-blende semiconductors.
Their fourfold tetrahedral coordination resists moderate pressures, isovalent alloying, and even amorphization.
In this work we investigate the conditions for off-center structural instabilities (or metastability) in pure crystalline tetrahedral semiconductors
We predict that such instabilities will occur in the IB-VII semiconductors (e.g. , CuC1 and CuBr) as a result of a pseudo Jahn-Teller s-d coupling between conduction and valence bands. Its unusual experimental implications are outlined.
The general theoretical framework for testing the stability of a given structure with respect to atomic displacement Q is to examine the expansion of the ground state electronic energy Ep(g) with Q [4] :
Eo(g) =Eo(0)+Foog+ 2i (Ks+K,, )g + . . (I) Here, the linear vibronic force Fp p=(%'p~8H/r)Q~%'o) associated with the orbitally degenerate electronic states will lead to the usual first-order Jahn-Teller distortions when Fp p & 0. These are seen, e.g. , in the charged Si vacancy [2] , many transition-metal impurities in semiconductors [3] , and divalent Cu d compounds [4] . [6] and soft bonds [9] in zinc-blende Cu halides, suggests searching for a displacive instability in these systems. Indeed, the coordination chemistry of Cu d' salts often exhibits small energy barriers separating diAerent local bonding arrangements. This is manifested by ionic conductivity in Cu and Ag halides [10] , the distorted tetrahedral units found in Cu~4Y4 cubanes [11] (interpreted qualitatively in terms of pseudo Jahn-Teller coupling [12, 13] ), and by the observation of photoinduced dielectric anomaly [14] and two sets of zone-center phonons in CuC1 [15] . Despite many first-principles band structure calculations on IIB-VI [5] and IB-VII [6] [19] . The charge densities shown in Fig. 3 Figure 4 shows that the lowest energy position is now at the oAcenter site.
Our prediction of an oA'-center displacement in CuC1 would lead to a number of unique physical properties: (i) [111] cation displacements will lower the site symmetry from Td to C3", thus creating a bond-oriented dipole moment. At high temperature the four equivalent [111] minima will be equally populated as particles tunnel dynamically between these minima. As the temperature is lowered, dipole correlations could lock in a net polarization, which should be observed as a dielectric anomaly.
(ii) Our calculation confirms qualitatively the hypothesis 6 Figure 4 suggests that when the electron-hole recombination rate is slow, photoexcitation can enhance the population of atoms in the ofT-center minima through tunneling of the Cu atom in the excited state and subsequent decaying to the metastable configuration. This is consistent with the observed photoinduced dielectric anomalies [14] and suggests that persistent photocapacitance quenching should be observable in CuCl. We thank K. M. Rabe for useful discussions. This
